The Chang 8 Member of Yanchang Formation in Xifeng Oilfield is deposited by delta front, and the mircofacies contains distributary channel, mouth bar, sheet sands and interdistributary bay. The reservoirs within the Chang 8 Member are characterized by strong heterogeneity, great lateral change of facies and low permeability with a value of 0
INTRODUCTION
Low-permeability reservoirs are those of whose air permeability is less than 50×10 -3 µm 2 . They have been documented to be the important objective of hydrocarbon exploration and exploitation in recent years (Sweet et al., 1996; Li, 1997; Wang et al., 2006; Li, 2007) . However, the low-permeability reservoirs are greatly controlled by sedimentation and diagenesis. There are some challenges for their effective development due to the great lateral changes of facies and strong heterogeneity (Zeng et al., 2003; Jiang et al., 2004; Zeng and Li, 2009) . Therefore, it is significant to divide flow units of low-permeability reservoir accurately.
Flow units do not always coincide with geologic lithofacies. Ebanks (1987) defined its fundamental concept as a volume of the total reservoir rock within which geological and petrophysical properties affecting fluid flow are internally consistent and different from properties of other rock volumes or flow units. It is shown that the flow units are controlled by macroscopic sedimentation and microscopic petrophysical properties.
Different techniques and methods have been used to divide flow units in recent years. Rodriguez and Maraven (1988) , Wu and Wang (1999) , Zeng et al. (2002) used depositional methods, whereas others used outcrop data (Karans et al., 1994; Jiao et al., 1995) , qualitative techniques (Hearn et al., 1984; Amaefule et al., 1993; Hamlin et al., 1996; Rincones et al., 2000; Jin et al., 2004; Song et al., 2005; Peng et al., 2007; Yin et al., 2009) , and production data (Wang and Jin, 2005; Lv et al., 2006) to define flow units. Theses techniques and methods have played an important role on understanding reservoir heterogeneity and enhancing oil recovery. Nevertheless, each technique or method can't characterize the macroscopic and microscopic controls on flow units simultaneously because it emphasizes particularly on single factor. Especially for low-permeability reservoir, it is difficult to define the flow units by using these techniques and methods because of the strong heterogeneity.
Based on the fundamental principle that flow units are controlled by macroscopic sedimentation and microscopic petrophysical properties, this study aimed to propose a hierarchy analysis method to divide flow units of low-permeability reservoir. It subdivides the reservoir unit into three hierarchies that is genetic unit, architectural unit and flow unit respectively by using macroscopic and microscopic analysis.
GEOLOGICAL SETTING
The Ordos Basin, also known as Shan-Gan-Ning Basin or Yishan Basin, locates in the western part of North China Block and comprises six structural units. It is bordered to the east, west, south and north by the Lvliang, Liupan and Helan, Qinling, Yin Mountains, respectively. The faults and folds are not developed in the Ordos Basin, and the structural relief is a smooth monocline with an east-to-west dip of less than 1°( Fig. 1) (Huang et al, 1980; Yang et al., 2005; Gao et al., 2009; .
The Ordos Basin is the important energy province in China and a number of petroleum and coal resources are preserved within the Paleozoic and Mesozoic strata (Yang et al., 1992; Yang et al., 2004; Liu et al., 2009; ). The Mesozoic strata develop five continental siliciclastic depositional cycles. The Upper Triassic Yangchang Formation is one of important oil-gas-bearing interval, which is dominated by lacustrine-delta depositional systems with a thickness of 1000-1500 m (3281-4921.5 ft). It can be subdivided into ten members, called from Chang 10 to Chang 1 from base to top. In recent years, the Xifeng Oilfield has been discovered, and most of its reserve is accumulated within the Chang 8 Member .
The Xifeng Oilfield locates in the southwestern Ordos Basin. The Chang 8 Member of Yanchang Formation is dominated by delta front, and its microfacies are primarily distributary channel, interdistributary bay, mouth bar and sheet sands (Liu et al., 2005; Chen et al., 2007) . The reservoir lithology within the Chang 8 Member is mainly fine to medium grained lithic arkose and arkose, with quartz accounting for 32.8%, feldspar 29.6%, lithoclasts 20.7%, apogrite 1.8%. The cement accounts for 37.4%, which are dominantly gyulekhite, chlorite, calcite, dolomite and kiesel. The storage spaces consist mainly of primary and secondary pores. Both of them are controlled by sedimentation and diagenesis, and they includes intergranular pores, dissolvedfeldspar pores, dissolved-lithoclast pores, dissolved-zeolite pores, dissolved-debris pores, intercrystal pores, and microfractures. The average pore diameter is 42.4 mm. The porosity of reservoir is approximately 10%, and permeability is generally 0.1-10mD. 
METHOD OF FLOW UNITS DIVISION 3.1. Hierarchy of reservoir unit
The reservoir unit can be subdivided into genetic unit, architectural unit and flow unit in terms of the genesis and architecture of low-permeability reservoir.
Genetic unit is a linkage of contemporaneous depositional systems, and bounded by non-permeable sequence boundary and flooding surface. Its depositional duration corresponds to the systems tract within high-resolution sequence stratigraphic framework (Catuneaun et al., 2009) .
Architectural unit is relatively isolated reservoir rock within genetic unit, and bounded by fault or mudstone barrier. It may be a single sand-body, or formed by multi sand-bodies superimposition.
For low-permeability reservoir, architectural unit defines the boundary of fluid flow, but does not reflect the fluid flow ability due to the petrophysical properties difference within it. It is necessary to subdivide the architectural unit into different permeability zone-flow unit. Therefore, flow units are divided within architectural unit based on the petrophysical parameters measurement, and are characterized by the consistence of lithology and petrophysical properties. The characteristic of fluid flow is similar within same type of flow unit.
Hierarchy analysis of flow unit
Based on the definition and hierarchy of reservoir unit, the flow unit can be divided by hierarchy analysis. Macroscopically, genetic unit is defined by sequence stratigraphic interpretation, and architectural unit is designated within genetic unit by reservoir architecture analysis. Microscopically, flow unit is divided within architectural unit by petrophysical parameters measurement (Fig. 2) .
Genetic unit division by sequence stratigraphic interpretation
Sequence stratigraphy is best seen as the delineation and correlation of changes in depositional trends that are generated during a base level cycle (Embry, 2002) . A highresolution sequence stratigraphic framework is proposed by sequence stratigraphic interpretation. The genetic unit is bounded by sequence boundary and flooding surface within high-resolution sequence stratigraphic framework.
Architectural unit division by reservoir architecture analysis
The architectural unit is defined as a relatively isolated reservoir rock within genetic unit by reservoir architecture analysis which mainly emphasizes on fault interpretation, mudstone barrier distribution and sand-body superimposition patterns. Furthermore, a geological model of architectural unit is built based on the architectural unit division.
Flow unit division by petrophysical parameters measurement
The petrophysical properties of uncored wells are interpreted based on the function that is simulated from the well-log and cores data of cored wells. These properties can be used to be input data to build property model under the constraint of architectural unit distribution. Moreover, the flow unit is defined within property model by clustering analysis of petrophysical parameters, i.e. porosity, permeability and reservoir quality index (RQI), which reflect the fluid flow ability.
FLOW UNITS DIVISION OF THE CHANG 8 MEMBER IN XIFENG OILFIELD 4.1. Genetic unit division
Based on the principles of transgressive-regressive (T-R) sequence stratigraphy (Embry and Johannessen, 1992; Embry, 1993; 1995; 2002) , the Chang 8 Member is interpreted as a 3 rd -order sequence in terms of the well logs, cores and outcrops, and is subdivided into six 4 th -order sequences further, namely K1, K2, K3, K4, K5 and K6 from base to top. Each 4 th -order sequence comprises a transgressive systems tract overlain by a regressive systems tract (Fig. 3) . 76 The Chang 8 Member consists of 12 genetic units which are bounded by the 4 th -order sequence stratigraphic boundaries and maximum flooding surfaces (Fig. 4) . Genetic I unit and II within sequence K1 are developed in the early stage of 3 rd -order base level rise. Sand-bodies within them amalgamate strongly under the condition of low accommodation and more sediment supply. Genetic unit III and IV are included in sequence K2. The ratio between the rate of base level rise and sediment supply is relatively low, and sand-bodies coalesce still strongly within them. With the 3 rd -order base level rise further, more mudstones are deposited in genetic unit V and VI due to the higher accommodation and less sediment supply, and sand-bodies amalgamate weakly. Genetic unit VII and VIII within K4 are dominated by terdistributary bay mudstones and isolated channel sandstones because of high accommodation and less sediment supply. With the 3 rd -order base level fall, Genetic unit IX and X within sequence K5 are deposited by more sand-bodies which amalgamate strongly in response to the deceasing accommodation and increasing sediment supply. Genetic unit XI and XII within sequence K6 are developed in the later stage of 3 rd -order base level fall. The sand-bodies within them amalgamate strongly.
Hierarchy Analysis for Flow Units Division of Low-Permeability Reservoir

Architectural unit division
The preservation style and architecture of reservoir are controlled by the interplay between accommodation and sediment supply (A/S) (Cross, 2000) . According to the outcrops measurement, it is shown that three sand-bodies architectures are occurred under different A/S conditions. Under low A/S condition, reservoir architecture shows "jigsaw puzzle". Sand-bodies superimpose through the contact style of "line-line" with good connectivity. Under moderate A/S condition, reservoir architecture is characterized by "labyrinth". Sand-bodies superimpose through the contact style of "line-point" or "point-point", and the connectivity becomes weaker. Under high A/S condition, reservoir architecture shows "isolation". Sand-bodies disconnect each other, which distribute among mudstones dispersedly (Fig. 5) .
Based on the outcrops measurement, the reservoir architecture of Chang 8 Member was interpreted. Architectural units are divided in terms of sand-bodies architectures and mudstone barrier distribution. Furthermore, a geological model of architectural units was built based on the architectural units division. From Genetic unit I to Genetic unit VII, the scale of architectural units becomes small gradually because of the accommodation increase and sediment supply decrease. From Genetic unit VIII to XII, the scale of architectural units becomes large progressively in response to the accommodation decrease and sediment supply increase (Figs. 4 and 6 ).
Flow unit division
The relationship of core and well-log data shows that the porosity is closely related to sonic and good correlation between permeability and porosity (Fig. 7) . Based on the function that is simulated from the well-log and core data from cored wells, the petrophysical properties of uncored wells were interpreted. These properties can be acted as input data for petrophysical modeling under the constraint of architectural units model (Fig. 8) . Within the petrophysical model, flow units are divided by the clustering analysis of petrophysical parameters, i.e. porosity, permeability and reservoir quality index (RQI), which reflect the fluid flow ability. It is shown that three types of flow unit can be divided in the Chang 8 Member of Xifeng Oilfield (Table 1) . 80 Type A is the best flow unit in the study area. Its range of permeability, porosity and RQI is 0. 58-9.26mD, 10.31-16.95% and 0.07-0.26, respectively . Flow unit of type B is moderate. Its permeability, porosity, RQI is ranged by 0. 28-0.58mD, 8.69-10.31% and 0.045-0.07, respectively. Type C is the worst flow unit which holds low petrophysical properties of average permeability, porosity, and ROI is 0.1mD, 6.15% and 0.03, respectively.
Hierarchy Analysis for Flow Units Division of Low-Permeability Reservoir
The 3D distribution of flow units was analyzed within the petrophysical model based on the boundaries of flow units division (Fig. 9) . It is shown that the flow units are controlled by sedimentary facies and petrophysical properties. Overall, the distribution of flow units appears to be characteristic of belt in the southwest-northeast direction. Flow unit of types A and B with good properties are dominantly located in the main part of distributary channel and mouth bar. Flow unit of type C with bad properties locates in the sheet sands as well as edges of distributary channel and mouth bar (Fig. 10) . 
CONCLUSIONS
The low-permeability reservoir is characterized by the great lateral changes of facies and strong heterogeneity due to the sedimentation and diagenesis. A hierarchy analysis for flow units division of low-permeability reservoir is proposed based on the fundamental principle that flow units are controlled by macroscopic sedimentation and microscopic petrophysical properties. It subdivides the reservoir unit into three hierarchies that is genetic unit, architectural unit and flow unit respectively. Macroscopically, genetic unit is designated by sequence stratigraphic interpretation, and architectural unit is delineated within genetic unit by reservoir architecture analysis. Microscopically, flow unit is defined within architectural unit by petrophysical parameters measurement.
The flow units of the Chang 8 Member of Yanchang formation in Xifeng Oilfield, Ordos Basin are divided by using the hierarchy analysis method. 12 genetic units are designated, and geological model of architectural units within genetic units is built by sequence stratigraphic interpretation and reservoir architecture analysis. Also, within the architectural units, three types of flow unit are defined by petrophysical parameters measurement. The flow unit of type A and B with good development potential dominantly locate in the main part of distributary channel and mouth bar, and the flow unit of type C with poor development potential mainly locates in the sheet sands, as well as the edges of distributary channel and mouth bar.
The depositional and diagenetic controls are considered in the hierarchy analysis for flow units division of low-permeability reservoir. The flow units are identified by the method which reflects the macroscopic characteristics of sedimentation and microscopic details of petrophysical properties.
